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LOW TEMPERATURE EPITAXIAL GROWTH
OF SILICON-CONTAINING FILMS USING UV
RADIATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to an apparatus and method
useful for selective and blanket (non-selective) epitaxial
growth of silicon-containing films, where UV radiation 1s
used to enable epitaxial film growth at temperatures of less
than about 700° C., while still providing an economically
feasible film growth rate.

2. Briet Description of the Background Art

Epitaxial growth of silicon-containing films has become
increasingly important due to new applications for advanced
logic and DRAM devices. A key requirement for these appli-
cations 1s a lower temperature process, so that device features
will not be harmed during fabrication of the device. The lower
temperature process 1s also important for future markets
where the feature sizes are 1in the range o145 nm to 65 nm, and
avoldance of the diffusion of adjacent materials becomes
critical. Lower process temperatures are required for both
substrate cleaning prior to growth of the silicon-containing
epitaxial film and during selective or blanket growth of the
epitaxial film. By selective growth, 1t 1s generally meant that
the silicon-containing film grows on a substrate which
includes more than one material on the substrate surface; and,
the silicon-containing film selectively grows on a surface a
first material of said substrate, with minimal to no growth on
a surface of a second material of said substrate.

Selective and blanket, non-selectively, grown silicon-con-
taining epitaxial films, and strained embodiments of such
films, including films such as S1, S1 Ge,_, and S1,Ge,_, (C)
which are grown at temperatures of less than about 700° C.
are required for many current applications. Further, 1t would
be desirable to have the removal of native oxide and hydro-
carbons prior to formation of the epitaxial film accomplished
at temperatures in the range of about 650° C. or less, although
higher temperatures can be tolerated when the cleaning time
period 1s short enough. Not only 1s the lower temperature
processing 1mportant to providing a properly functioning
device, but 1t helps prevent the relaxation of metastable strain
layers, helps prevent or minimize dopant diffusion, and helps
prevent segregation of dopant or Ge/C within the epitaxial
f1lm structure. Suppression of facet formation and short chan-
nel effects, which 1s enabled by low temperature processing,
(low thermal budget processing) 1s crucial for obtaining high
performance devices. FI1G. 10 shows a graph 1000 (Arrhenius
plot) of the conditions required to produce an oxide-free
s1licon surface of the kind which 1s required for good epitaxial
growth of silicon-containing films deposited on the surface.
The mverse temperature of the substrate 1s shown on axis 102
in © K™'. The corresponding temperature in ° C. is shown on
axis 104 in © C. The partial pressure of H,O present 1n the
process chamber 1s shown on axis 1006 1n Torr. It becomes
readily apparent that to obtain an oxide-iree silicon surface at
107° Torr, for example, it is necessary to raise the substrate
temperature to about 800° C. or higher. To be able to obtain an
oxide-1free silicon surface at about 630° C., would require an
H,O partial pressure of less than 10~° Torr, which is not
practical in terms of equipment costs.

Current techniques for selective and blanket epitaxial
growth of doped and undoped S1, SiGe, and S1Ge (C) films are
typically carried out using reduced pressure CVD (also
referred to as RPCVD or LPCVD). The typical reduced pres-

sure process 1s carried out at temperatures above 700° C.,
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typically above 750° C.) to get an acceptable film growth rate
when the precursor compounds for film deposition are S1H,,
S1H,Cl, (DCS), S1,H,, GeH,. For selective deposition pro-
cesses, these precursor compounds are combined with addi-
tional reagents such as C12, HCI, and optionally HBr, by way
of example. A carbon-containing silane precursor compound
such as CH,S1H, may be used as a dopant. In the alternative,
inorganic compounds such as B,H., AsH,, and PH,, by way
of example, may also be used as dopants.

A plot of blanket S1. Ge,_. ep1 film growth (non-selective
growth) from dichlorosilane (DCS) and germane (GeH,) 1s
illustrated 1n FIG. 1. The growth rate of the S1,Ge,__epi film
1in angstroms/minute 1s shown as a function of the deposition
temperature and as a function of the ratio ot the DCS:GeH,, in
the precursor gas feed to the deposition process. This plot 1s
for deposition of films containing from about 20% to about
28% germanium. To reduce the variation in germanium con-
tent 1n the deposited S1_Ge, __ep1 film at different deposition
temperatures, 1t was necessary to adjust the ratio of S1:Ge
ratio in the precursor gases used for deposition of the film.
FIG. 1 shows a graph 100 of the growth rate in A/min of the
S1.Ge,_. ep1 film on axis 104 as a function of the DCS:GeH,
precursor gas tlow ratio on axis 108, and as a function of
temperature in © C. on axis 102. The data shown 1n FIG. 1 was
generated using a process chamber of the kind described
subsequently herein, using a flow rate for the DCS of approxi-
mately 100 sccm, and the tlow rate for the GeH, which was
varied in the manner indicated. The film formation process
illustrated 1n FIG. 1 was carried out at a process chamber
pressure of about 10 Torr. FIG. 1 illustrates the problem of
reduced S1_Ge,__ep1 film growth rate at temperatures below
about 700° C., where the growth rate decreases rapidly from
about 400 A/min at 750° C. to about 15 A/min at 600° C. This
severe decrease 1n {ilm growth rate at temperatures below
about 700° C. 1s attributed to the fact that the film growth 1s
thermally activated and surface reaction limited.

A similar rapid decrease in film growth rate 1s observed for
the selective deposition of silicon-germanium films. The
rapid decrease 1n film growth rate as temperature decreases 1s
possibly due to a high activation energy required to obtain
desorption of Si1Cl, from the growing film surface, a low
recombinative HCI desorption rate, and low surface mobility.

It 1s generally known in the art that a silicon-containing,
substrate may be cleaned to remove organic materials and to
remove native oxide from the substrate surface. In some
instances such cleaning has incorporated the use o1 UV clean-
ing 1n a reduced pressure CVD system. Such a cleaning may
be carried out at a temperature 1n the range of about 800° C.,
making use of 1irradiation of the substrate by deep UV radia-
tion under hydrogen at a pressure ranging from 0.002 to 10
Torr. An apparatus of the kind used to carry out the substrate
cleaning process may be a horizontal cold-wall air-cooled
quartz chamber where the backside of the waler being
cleaned 1s heated directly by air-cooled tungsten lamps. Rise-
time to 900° C. and cooldown time to 200° C. are typically
about 5 seconds and about 20 seconds, respectively. The base
pressure 1n the process chamber 1s typically in the range of
about 2 mTorr. After reaching that pressure, hydrogen flow 1s
established. The hydrogen flow 1s generally for purposes of
avoiding contamination of the substrate surface during the
cleaning process. The cleaning of the sample 1s carried out at
800° C., with the sample surface under hydrogen, where the
sample surface 1s submitted for less than one minute to short
UV radiation, where the radiation 1s centered mostly at about
253 nm. Subsequently, an epitaxially-grown silicon (for
example) film 1s deposited from reactive gases such as elec-
tronic grade SiH, and HCIl diluted in hydrogen (around
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1/1000). Typically the substrate temperature during deposi-
tion of the epitaxially-grown silicon film 1s about 800° C. and
higher. When the processing temperatures for film deposition
were above 800° C., mitial interface defects are generally
avoided.

In some 1nstances, the substrate cleaning 1s carried out at
higher temperatures at atmospheric pressure. There are
examples 1 which, prior to the epitaxial silicon film growth,
the waler substrate 1s raised to a temperature in the range of
900° C. to 1190° C., where the water 1s subjected to a 60
second hydrogen bake, followed by an etch with HCI doped
hydrogen gas for a period of 30 seconds to eliminate semi-
conductor oxides from the wafer surface. After water etching,
the chamber 1s purged with hydrogen, followed by continuing,
HCl gas flow and the introduction of SiHCI;, where epi
growth 1s subsequently conducted at a temperature in the
range of 1,130° C., to provide a silicon film growth rate of
about 5 wWmin (50,000A/min).

The epitaxial growth of silicon has been carried out using
rapid thermal processing techniques to reduce convective
heat loss during film growth. The reactant gases used for rapid
thermal processing typically include a chlorinated silicon
source (e.g., S1, H Cl ) mixed with hydrogen, as the reactive
carrier. An 1nert carrier gas may be added, such as argon,
neon, xenon, or krypton. The process 1s carried out at tem-
peratures of the silicon substrate above 750° C. under atmo-
spheric or reduced pressure. When a dichlorosilane gas 1s
used as a precursor, this gas 1s said to decompose when heated
at the boundary layer on the substrate surface to S1Cl, and H,,.
The S1C1, 1s said to diffuse to the surface, to then react with H,
to form HCI and silicon. The HCI 1s said to be desorbed
through the boundary layer into the chamber, where 1t 1s
carried away. A hydrogen carrier gas 1s said to be added to
improve the deposition rate by supplying suificient hydrogen
concentration to fuel the decomposition of SiCl, to S1 and
HCIl. A pretreatment of the silicon substrate typically includes
a baking step with 10% hydrogen 1n argon as an ambient
environment. The pre-bake temperature 1s 1,050° C. for 5
seconds, followed by 1,000° C. for 20 seconds. The bake
pressure was not specified in the literature. The silicon epi
deposition was carried out at 1,000° C., at a process pressure
o1 50 Torr, and with a reaction mixture of argon/hydrogen gas,
10% hydrogen by volume at 18 slm, with dichlorosilane flow
at 90 sccm.

The catalyst-assisted growth of a monocrystalline silicon
layer on a silicon substrate during formation of a semicon-
ductor device has also been described 1n the art. The single
crystal silicon layer 1s formed on a seeding layer made having
a lattice match with a single crystal silicon. The seeding layer
1s formed by CAD (Catalyst assisted deposition) during a
CVD (Chemical Vapor Deposition) process. A seeding mate-
rial such as crystalline sapphire may also be used.

In forming a single-crystal silicon layer by CAD using a
catalyst, 1t 1s said to be preferable that a gas containing mainly
s1licon hydride 1s decomposed through contact with a catalyst
body heated to 800-2,000° C., for example 1600—-1800° C., to
deposit a single-crystal silicon layer on the substrate. Silicon
hydride refers to a silane, such as a monosilane, disilane, or
trisilane, for example. The catalyst body 1s at least one kind of
material selected from the group consisting of tungsten, tung-
sten containing thorium oxide, molybdenum, platinum, pal-
ladium, silicon, alumina ceramic with metal attached thereto,
and silicon carbide. The catalyst matenal 1s typically formed
as coil, above and facing the substrate. The catalyst body is a
resistance wire which 1s activated and heated to a temperature
below 1ts melting point. The mmcoming silicon hydride gas,
and hydrogen, or a doping gas such as B,H,. or PH, included
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as necessary, are introduced to come in contact with the
catalyst. By using a catalytic hot filament over the substrate
surface and flowing film-forming precursor gases over that
hot filament prior to deposition on the substrate, 1t 1s said to be
possible to deposit an expitaxial silicon seed layer on a sub-
strate which 1s at a temperature of about 100° C.—700° C.,
typically 200° C.—600° C. However, there 1s a problem with
metal contamination of the film, with the contamination com-
ing from the catalyst. Without the use of a catalyst, the silicon
film formed over such processing temperatures 1s an amor-
phous silicon film.

There has recently been some description of the deposition
of silicon-containing films over mixed substrates using
chemical vapor deposition methods. There 1s description of
the deposition of S1 and SiGe films; however, no data 1s
provided for the precise crystalline composition of the films

which are produced by this method. The processes employ
trisilane (H,S1S1H,S1H,) to enable the deposition of “high
quality Si-containing films” over the mixed substrates.

In a recent publication, a chemical vapor deposition pro-
cess 15 described which 1s said to make use of chemical
precursors which permit deposition of thin films at or near the
mass transport limited regime. The embodiments described
pertain to the formation of Si-containing and Ge-containing
films. The use of higher-order precursors, such as trisilane or
trisilane 1n combination with digermane, 1s recommended for
replacement of silane precursor, for example.

There are also references 1n the literature which describe
pro-treatment of a silicon substrate surface prior to deposition
of a silicon epitaxially-grown film on the substrate. In a pro-
cess referred to as advance mtegrated chemical vapor depo-
sition (AICVD) for semiconductor manufacture, the sub-
strate 1s said to be prebaked at a temperature ranging ifrom
800° C. 10 900° C. for 10 to 30 minutes with hydrogen tlowing
in a UHV-LPCVD process chamber, to remove the native
oxide from the silicon substrate surface. This 1s followed by
growth of a medium temperature silicon epitaxial layer at a
temperature 1n the range from 600° C. to 900° C. (typically
700° C.—800° C.) to a thickness in the range from 100 A to
300 A, using dichlorosilane as the source gas. Subsequent to
the silicon ep1 growth, the dichlorosilane 1s replaced by silent
gas or other hydrogen-containing gas which 1s fed to the
process chamber and the temperature 1s dropped below 400°
C., whereby the surface of the semiconductor substrate 1s said
to be hydrogen terminated.

In another method described for the removal of a native
oxide layer, hydrogen gas 1s used as a processing reagent.
Laser projection onto the surface of the substrate 1s used to
enhance the reaction of the hydrogen. No particular wave-
length for the irradiation 1s mentioned. Evidently, the pro-
jected laser provides for localized heating at the substrate
surtace.

A review of the above-mentioned background art and other
art known 1n the field of semiconductor manufacturing indi-
cates that there 1s a continuing need for a method which
enables both blanket and selective deposition of a silicon-
containing, epitaxially grown films at a temperature below
750° C., and preferably below about 700° C. In addition, there
1s a need for a substrate cleaning procedure (1n preparation for
deposition of the silicon-containing {ilm) which can be car-
ried out at the same or a lower temperature than that of the
s1licon-contaiming film deposition, so that devices 1n the sub-
strate onto which the film 1s being deposited will not be
aifected by cleaning of the substrate and deposition of the

film.
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SUMMARY OF THE INVENTION

We have developed a method of preparing a clean and
passivated silicon-containing substrate surface for the depo-
sition of epitaxially-grown, silicon-containing films. The sil1-
con-containing substrate cleaning/passivating method can be
used in combination with a method of depositing the silicon-
contaiming films, where at least during film deposition (and
optionally during both cleaning and deposition), the substrate
surface 1s exposed to U.V. radiation. Typically a primary
cleaning to remove the bulk of organic maternials and oxygen
1s carried out 1nitially using an aqueous HF dip (etch) of the
kind generally known 1n the art. This 1s followed by a clean-
ing/passivation method of the present invention which 1s used
to remove minor amounts of residual oxides and to provide
the desired surface structure for epitaxial growth of a silicon-
containing film over the substrate. The cleaning/passivation
method of the invention 1s typically carried out at a tempera-
ture ranging from about 1,000° C. down to about 500° C.,
depending on whether U.V. radiation 1s used during the clean-
ing process. When no U.V. radiation 1s used, the cleaning and
passivation method 1s typically carried out for as short a time
period as possible (typically under 2 minutes), which waill
provide an adequate surface for epitaxial growth. When U.V.
radiation 1s used, and the wavelength of the radiation ranges
from about 310 nm and 120 nm, preferably from about 180
nm to about 120 nm, where the radiation 1s applied generally
over the surface of the substrate from a radiation source
located adjacent the substrate surface. Use of the U.V. radia-
tion enables the cleaning and passivation of the substrate
surface to be carried out at a lower temperature, typically
ranging from about 700° C. to about 3500° C. A hydrogen
ambient below about 10 Torr 1s typically applied over the
substrate surface during the cleaning and passivation of the
substrate.

The deposition of the silicon-containing film 1s carried out
at a temperature below 750° C., typically below 700° C., and
preferably below about 650° C., when the typical total pres-
sure 1n the deposition chamber ranges from about 1 Torr to
about 80 Torr, and the U.V. radiation wavelength ranges from
about 310 nm down to about 120 nm. Indications are that we
can expect to deposit the epitaxially grown silicon-containing

films at commercially acceptable growth rates (1in excess of

about 60 A per minute), at temperatures in the range of about
650° C., and at lower temperatures with the use of combina-
tions of particular UV radiation sources and film precursor
gases. Deposition of blanket and selective silicon epi films
from precursors which include structures which can make
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the film enables lower temperature film deposition. For
example, the use of higher order chlorosilanes, bromosilanes,
and silanes, such as dichlorosilane (DCS) or hexachlorodisi-
lane (HCD) precursor generally provides improved growth
rate at lower temperatures. The wavelength of U.V. radiation
1s chosen to match absorption cross-section of specific pre-
cursors and to enhance substrate surface activation, so that the
absorption cross-section of the precursor and the substrate
surface activation are most beneficial at a processing tem-
perature which 1s acceptable. The reaction product of the
chlorosilanes and silanes with a germamum-containing pre-
cursor to produce a S1,Ge,__ epitaxial film can be tailored to
provide selective deposition on a particular substrate as well.

The silicon-containing substrate surface is typically single
crystal silicon or silicon-germanium, but can be extended to
other silicon-containing substrates which have the capability
to permit epitaxial film growth on the substrate surface.
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The cleaning/passivation method and the silicon-contain-
ing film growth method do not require the use of a catalyst.
Instead, the methods employ the use of U.V. radiation over
particular wavelength ranges, 1n combination with particular
partial pressure ranges for the reactive cleaning/passivation
and/or film-forming component species, to enable the sub-
strate cleaning/passivation and epitaxial film growth of a

silicon-contaiming {ilm at temperatures below 750° C., typi-
cally at temperatures below 650° C.

-

The radiation wavelength which provides the desired
energy to enable a reaction at the substrate surface 1s within
the range of about 310 nm down to about 120 nm. Wave-
lengths lower than about 180 nm have been demonstrated to
be very effective for the film precursor materials described
subsequently herein. The radiation may be supplied by exci-
mers of xenon chloride (A=308 nm), krypton fluoride (A=248
nm), argon tluoride (A=193 nm), xenon (A=172 nm), argon
(Ar™™) (A=257 nm), and krypton (A=146 nm); and, by lamps
employing xenon (A=147 nm), krypton (A=117 nm to 124
nm), N, arc (A<150 nm), and D, (A=121 nm). These are
examples of radiation sources and are not considered to be the
only radiation sources which can be used. Combinations of
U.V. radiation sources at different wavelengths may also be
used.

We have discovered that during the selective and blanket
deposition of silicon-germanium films, radiation at these
wavelengths will not only dissociate silicon and germanium
hydrides and chlorinated silanes into excited radicals (which
are not 1ons), but will also enhance the surface reaction on the
substrate by increasing the adsorption rate of precursor mate-
rials and the desorption rate of reaction by-products. For
example, 1n the selective deposition of silicon-germanium
films, the S1Cl, desorption rate (for example), recombinative
HC1 desorption rate, and surface mobility factors all act to
create active sites for incoming species.

Since the radiation 1s directed through a layer of compo-
nent gases and reactive species toward the surface of the
substrate, by controlling the partial pressure of the component
gases (from which the cleaning or film-forming species are
generated), we are able to drive the reaction so that more
species are formed 1n or react in the vapor phase above the
substrate or are formed at or react at the substrate surface.
This enables the optimization of species generation and pre-
cursor formation in the vapor phase, with concurrent species
adsorption and desorption at the substrate surface, so that
1slands of precipitated or agglomerated materials are not
formed on the substrate surface. The application of radiation
over the wavelength ranges down to about 170 nm has pro-
duced high quality epitaxial silicon-containing films at
growth rates ranging from about 100 A/min to 500 A/min at
temperatures ranging from about 500° C. to about 700° C.

The partial pressure of each component gas, depends on the
task to be accomplished, and varies for cleaming/passivation
and for deposition of films of different chemical composition.
Detailed data 1s provided in the Detailed Description herein
for various embodiments which have been demonstrated
experimentally. One skilled 1n the art, upon reading the teach-
ings and descriptions herein, can, with minor experimenta-
tion, adjust the precursor materials from which the film 1s
deposited, the partial pressure of the component gases, the
radiation wavelength, and the power density of the radiation
to provide an optimized epitaxially-grown, silicon-contain-
ing film.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a graph of the epitaxial growth rate of a
silicon/germanium film without the benefit of UV radiation
during film deposition. The film growth rate 1s shown 1n
Angstroms/minute as a function of the flow rate ratio of the
precursor materials and as a function of the temperature in
degrees Centigrade.

FIG. 2 A 1s a schematic of a cross-sectional view of a
process chamber of the kind which can be used to carry out
the substrate cleaning method and the silicon-containing film
deposition method of the present invention.

FIG. 2B 1s a schematic top view of one embodiment show-
ing the positioning of U.V. radiation source lamps within a
process chamber of the kind shown 1n FIG. 2A, with cooling
gases entering into the volume which contains the U.V. radia-
tion sources and exiting mto venting apparatus (not shown)

which 1s in communication with venting apparatus as shown
in FIG. 2A.

FI1G. 2C 1s a side view of the U.V. radiation chamber 205
including the processing/reaction volume 218 between the
bottom of quartz U.V. transmission window 206 and the sup-
port pedestal 215 on which substrate 214 1s positioned. The
distance d between the U.V. radiation source 208 and the
upper surtace 216 of substrate 214 1s also illustrated.

FIG. 3 shows a graph of the epitaxial growth rate of a
blanket deposited silicon-germanium film with and without
the benefit of 172 nm radiation within the film deposition
process chamber, for films deposited at temperatures ranging,
from 550° C. to 750° C. The silane-containing precursor was
dichlorosilane, the source of germanium was germane, and
the 172 nm radiation was present at a power density of about
2 mW/cm?.

FI1G. 4 shows a graph of the enhancement of the growth rate
of the blanket deposited silicon-germanium film 1llustrated 1n
FIG. 3, where UV radiation 1s employed (Curve 306), as a
function of the substrate temperature at which the film growth
1s carried out.

FIG. 5 shows a graph of the film growth rate for a selec-
tively deposited silicon-germanium film, with and without
the employment of UV radiation, as a function of the flow
ratio of HCI:GeH,, (at 1% by volume 1n hydrogen) during the
film deposition process. When the tlow ratio of HCL:DCS+
GeH, (at 1% 1n hydrogen) 1s below about 0.1, the deposition
becomes non-selective, blanket S1,.Ge,_ . film growth. The
rat1o of germanium to silicon 1n the precursor feed gases was
about 1:20, at a total precursor gas tlow (including hydrogen)
ranging {rom about 15-35 slm, the UV radiation was 172 nm
wavelength, at a power density of about 2 mW/cm?.

FI1G. 6 shows a graph of the percentage of germanium in the
selectively deposited silicon-germanium film for which data
1s provided 1in FIG. 5. The percentage of germanium 1n the
S1 Ge,_ film 1s shown for film growth with and without the
eﬁployment of UV radiation. The percentage of germanium
in the film 1s shown as a function of the tlow ratio of HCI:
GeH, (at 1% by volume 1n hydrogen) during the film depo-
sition process. When the flow ratio of HC1:DCS+GeH,, (at 1%
in hydrogen) 1s below about 0.1, the deposition becomes
non-selective, blanket S1._Ge, _, film growth. The ratio of ger-
manium to silicon in the precursor feed gases was about 1:20,
at a total precursor gas flow (including hydrogen) ranging
from about 15-35 slm, the UV radiation was 172 nm wave-
length, at a power density of about 2 mW/cm?.

FIG. 7 shows a graph of the percentage change in the
S1 Ge,_ film thickness as a function of the flow ratio of
HE]:G@H4 (at 1% by volume 1n hydrogen), and as a function
of temperature 1 ° C. (at 650° C. and 700° C.°) when U.V.
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radiation 1s applied during the film deposition process. When
the tlow ratio of HCL:DCS+GeH, (at 1% 1n hydrogen) 1s
below about 0.1, the deposition becomes non-selective, blan-
ket S1._Ge,__1ilm growth. The ratio of germanium to silicon in
the precursor feed gases was about 1:20, at a total precursor
gas flow (including hydrogen) ranging from about 15-35 slm,
the UV radiation was 172 nm wavelength, at a power density
of about 2 mW/cm”.

FIG. 8 shows a graph of the film thickness of a blanket
deposited silicon-germanium film as a function of the power
applied in the form of 172 nm radiation, where the effect of
the presence of the 172 nm radiation 1s illustrated across the
entire substrate surface, as mm from center of the substrate
(waler). The ratio of Ge:S1 1n the precursor gases for deposi-
tion was about 1:20. The UV radiation was 172 nm wave-
length. With reference to FIG. 2A, the —150 mm was at
location A (1n FIG. 2A), the O mm was at location B, and the
150 mm was at location C.

FIG. 9 shows a graph of percentage increase 1n the film
thickness (growth rate) of a blanket deposited silicon-germa-
nium {ilm as a function of the silicon-containing precursor
gas used and as a function of the power density in mW/cm”.

FIG. 10 shows a graph of the effect of the partial pressure
of H,O present in the processing chamber at a given tempera-
ture on the amount of oxide which 1s present on a single
crystal silicon substrate surface. This graph 1s related to
cleaning of the substrate surface prior to the epitaxial growth
ol an overlying silicon-containing film.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

As a preface to the detailed description presented below, 1t
should be noted that, as used in this specification and the
appended claims, the singular forms “a”, “an”, and “the”
include plural referents, unless the context clearly dictates
otherwise.

We have developed a method of preparing a clean and
passivated silicon-containing substrate surface for the depo-
sition of epitaxially-grown, silicon-containing films. The sil1-
con-containing substrate cleaning method can be used 1n
combination with a method of depositing the silicon-contain-
ing films, where at least during film deposition (and option-
ally during both cleaning and deposition), the substrate sur-
face 1s exposed to U.V. radiation. The silicon-containing
substrate cleaning/passivation method 1s typically carried out
at a temperature ranging from about 1,000° C. down to about
750° C. when U.V. radiation 1s not used. In this instance, the
substrate exposure time 1s minimized to that necessary to
permit the desired epitaxial growth on the substrate surface.
When U.V. radiation 1s used during the cleaning process, 1t 1s
possible to reduce the temperature at which the cleaning and
passivation process 1s carried out. For example, the process-
ing temperature may range between less than 750° C., typi-
cally less than 700° C. and about 500° C. The typical total
process pressure in the treatment volume surrounding the
substrate surface ranges from about 0.1 Torr to about 80 Torr
(typically from about 0.1 Torr to about 30 Torr) of hydrogen.
It 1s possible to have mert gases present in minor quantities as
well.

The general goal during the cleaning and passivating pro-
cess 1s the removal of hydrocarbons and oxide from the sili-
con-containing substrate, as their presence interferes with
epitaxial growth of a silicon-containing {ilm over the sub-
strate. FIG. 10 shows the relationship between the partial
pressure of H,O 1n the processing chamber, the Temperature
in the processing chamber (1n degrees K) and the presence of
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ox1ide on the surface of a silicon substrate. As 1s apparent from
FIG. 10, when the temperature 1s lower than about 750° C., to
have an oxide-Iree silicon surface requires a partial pressure
of H,O 1n the process chamber which 1s 1n the range of about
107 Torr. This pressure requirement is difficult to meet and
leads to apparatus requirements which are very costly.

We have discovered that by treating a silicon substrate 1n an
ambient comprising hydrogen in the presence of U.V. radia-
tion, 1t 1s possible to reduce either the temperature at which
the processing must be carried out or the time required to
clean the surface, or a combination of both. Typically, for
purposes of providing a desirable processing window, the
total pressure 1n the processing chamber ranges between
about 0.1 and about 80 (as mentioned above) during the
silicon-comprising substrate surface cleaning and passiva-
tion. The substrate temperature during processing ranges
from about 550° C. and about 750° C., and typically ranges
between about 550° C. and about 700° C. The power density
of the U.V. radiation typically ranges from about 1 mW/cm?
to about 25 mW/cm”.

The deposition of the silicon-containing film 1s carried out
at a temperature below 750° C., typically below 700° C., and
preferably about 650° C. or lower, when the U.V. radiation
wavelength ranges from about 310 nm down to about 170 nm.
We expect to deposit the epitaxially grown films at tempera-
tures 1n the range of about 5350° C., and possibly at lower
temperatures, while providing a commercially acceptable
growth rate, upon completion of development of UV radia-
tion sources which provide a wavelength of less than 170 nm,
1.e. within the range of about 170 nm to about 120 nm. In
addition the use of higher-order silane-based precursors
which respond well to U.V. radiation 1n terms of promoting,
casy adsorption of reactant species 1nto the substrate surface
and easy desorption of reaction by-products from the sub-
strate surface may also be used to enable epitaxial film growth
at lower temperatures. The U.V. radiation wavelength can be
adjusted to an optimum for a given precursor and substrate
activation combination.

The silicon-containing substrate 1s typically single crystal
silicon or single crystal silicon-germanium, but i1s not
intended to be limited to one of these two substrates.

The cleaning/passivation method and the silicon-contain-
ing film growth method do not require the use of a catalyst.
Instead, the methods employ the use of U.V. radiation over
particular wavelength ranges, 1n combination with particular
partial pressure ranges for the reactive cleaning/passivation
and/or film-forming component species, to enable the sub-
strate cleaning/passivation and epitaxial film growth of a
s1licon-containing {ilm at temperatures below 750° C., typi-
cally at temperatures below 650° C.

The radiation wavelength which provides the desired
energy to enable a reaction at the substrate surface 1s within
the range of about 310 nm down to about 120 nm, typically
from about 180 nm down to about 120 nm. We have discov-
ered that during the blanket deposition of silicon-germanium
films (and silicon films), employment of UV radiation during
film deposition permits a lowering of the substrate tempera-
ture during film deposition at a given deposition rate. Further,
we have discovered that during selective deposition of sili-
con-germanium films, radiation at these wavelengths will not
only dissociate silicon and germamum hydrides and chlori-
nated silanes into excited radicals (which are not 1ons), but
will also enhance the surface reaction on the substrate by
increasing S1Cl, desorption rate (for example), recombinative
HCl desorption rate, and surface mobility to create active sites
for incoming species.
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Since the radiation 1s directed through a layer of compo-
nent gases and reactive species toward the surface of the
substrate, by controlling the partial pressure of the component
gases (from which the cleaning or film-forming species are
generated), we are able to drive the reaction of the species so
that more species are formed 1n the vapor phase above the
substrate react at the substrate surface. This enables the opti-
mization of species generation 1n the vapor phase, with con-
current species adsorption and desorption at the substrate
surface, so that agglomerated materials are not formed on the
substrate surface. High quality epitaxial silicon-containing
films have been obtained at growth rates ranging from about

100 A/min to 500 A/min at temperatures ranging from about
600° C. to about 700° C.

I. An Apparatus for Practicing the Invention

The embodiment example etch processes described herein
were carried out 1n an Ep1 CENTURA® Integrated Process-
ing System available from Applied Matenials, Inc., of Santa
Clara, Calif. Particular features of this apparatus related to the
present invention are described in detail below; however, 1t 1s
contemplated that other apparatus known 1n the industry for
the epitaxial growth of films may be used to carry out the
invention.

FIG. 2A shows a schematic cross-sectional view of a 200
mm Ep1 deposition chamber 100 which 1s employed as part of
a CENTURA® Integrated Processing System. The CEN-
TURA® Integrated Processing System 1s a fully automated
semiconductor fabrication system, employing a single-walfer,
multi-chamber, modular design which accommodates 200-
mm or 300-mm wafers. As shown 1n FIG. 2A, the Ep1 film
deposition process chamber includes 316 L stainless steel
housing structure 201 which encloses various functioning
clements of the process chamber 200. A detailed description
of the apparatus can be obtained from the manufacturer, and
only the elements which are important to understanding the
present invention are discussed herein. A quartz chamber 230
includes an upper chamber 205 1n which the UV radiation
source 208 1s contained, and a lower chamber 224, 1n which a
processing volume 218 i1s contained. Reactive species are
provided to processing volume 218 and processing byprod-
ucts are removed from processing volume 218. A substrate
214 rests on a silicon-coated graphite pedestal 217, and the
reactive species are applied to surface 216 of the substrate
214, with byproducts subsequently removed from surface
216. Heating of the substrate 214 and the processing volume
218 15 provided for using infrared lamps 210. Radiation from
inirared lamps 210 travels through upper quartz window 204
of quartz upper chamber 205 and through the lower quartz
portion 203 of lower quartz chamber 224. Cooling gases for
upper quartz chamber 205 enter through inlet 211 and exat
213 through an outlet 228. Precursor reactant materials, as
well as diluent, purge and vent gases for lower quartz cham-
ber 224 enter through inlet 220 and exit 222 through outlet
238. The outlets 228 and 238 are in communication with the
same vacuum pump or are controlled to be at the same pres-
sure using separate pumps, so that the pressure in upper
quartz chamber 205 and lower quartz chamber 224 will be
equalized. Note that in FIG. 2A the U.V. radiation source 208
1s oifset (not shown) from the exit flange 228.

The low wavelength radiation used to energize reactive
species and assist 1n adsorption of reactants and desorption of
process byproducts from the surface 216 of substrate 214
typically ranges from about 310 nm to about 120 nm, with
combinations of various wavelengths being provided,
depending on the composition of the film which 1s being
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epitaxially grown. In the embodiment shown i FIG. 2A, this
radiation 1s provided by excimer lamps 208 which are located
in the upper quartz chamber 205, and the radiation passes
through U.V. transmission window 206 to reach substrate
214. (The UV ftransmitting window may be formed from
other UV transparent materials such as doped synthetic
quartz, magnesium fluoride, calctum fluornide, sapphire, and
lanthanum fluoride, by way of example.) The spacing of the
excimer lamps 208 in the upper quartz chamber 205 is
designed to provide even uniformity of radiation over the
surface 216 of substrate 214. The spacing “d” between the
source of the UV radiation and the upper surface 216 of
substrate 214 can be adjusted to accommodate the require-
ments for the process parameters needed for the particular
composition of the film which 1s being epitaxially grown. For
the example embodiments described herein, the spacing
between the UV sources and the upper surface 216 of sub-
strate 214 ranged from about 5 cm to about 15 cm, and
typically was 1n the range from about 5 cm to about 10 cm.
The power density employed ranged from about 1 mW/cm? to

about 2; mW/cm”, and was typically in the range from 2
mW/cm to 10 mW/cm”.

The component gases which are used to clean/passivate a
substrate surface or to form the silicon-containing film which
1s being epitaxially grown enter the processing volume 218
via an entry port shown at 220 and exit through the port shown
at 222. Combinations of component gases are typically mixed
prior to entry into the processing volume. The overall pres-
sure 1n the processing volume 218 1s determined by a valve
(not shown) on the outlet port 238 for flow 222.

The temperature 1n the upper quartz chamber 205 and on
U.V. transmission window 206 1s controlled within a tem-
perature range of about 300° C. to 600° C. by the flow of a
cooling gas (which enters through port 211 and exits through
port 228) 1n combination with radiation from infrared lamps
210 positioned above upper quartz chamber 204. The tem-
perature 1n the lower quartz chamber 224 1s controlled within
a temperature range of about 600° C. to about 300° C., by
adjusting the speed of a blower unit which 1s not shown (but
which circulates air or other cooling gas through lower quartz
chamber 224, with such gases entering port 220 and exiting
port 238) and by radiation from the infrared lamps 210
beneath lower quartz chamber 224.

The temperature on the substrate 214 surface 216 1s con-
trolled by setting the power to the lower lamp modules 2105
in lower quartz chamber 224 or by setting the power to both
the upper lamp modules 210a overlying upper quartz cham-

ber 204 and the lower lamp modules 2106 1n lower quartz
chamber 224.

FIG. 2B shows a schematic top view of one embodiment
showing the positioning of U.V. radiation source lamps
within a process chamber of the kind shown in FIG. 2A.
Cooling gases enter into the upper quartz chamber volume
205 (which contains the UV radiation sources 208) from an
entry port 211 (shown on FIG. 2A). Exiting cooling gases 213
exit to an exit port 228 (shown on FIG. 2A). Exit port 228 1s
in communication with exit port 238 (shown on FIG. 2A)
from which deposition chamber by-products 222 exit, or the
pressures at the exit ports are balanced using separate vacuum
pumps (not shown) attached to each port so that pressures in
the upper quartz chamber volume 204 1s equalized with the
pressure in lower chamber volume 224 (shown on FIG. 2A),
as previously described. Use of separate pumps to control the
ex1iting gases minimizes cross-contamination of the imndepen-

dent volumes 205 and 224.
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FIG. 2C 1s a side view of the U.V. radiation chamber 230
including the volume 205 between U. V. transmission window
206 and quartz upper chamber window 204. FIG. 2C also
shows the process chamber 224 which includes processing
volume 218 which 1s present between U.V. transmission win-
dow 206 and substrate 214. The distance “d” represents the
spacing between the substrate surface 216 and the U.V. radia-
tion source. This distance “d” 1s set to obtain the desired U.V.
radiation density at the substrate 214 surface 216.

The process chamber 1llustrated 1n FIGS. 2A through 2C
may be modified so that the distribution of infrared heating
lamps and excimer lamps with respect to the substrate varies
from that shown. Further, a different process chamber design
may have different requirements. What 1s important is that the
infrared lamp distribution, or other device(s) used to apply
heat to the process provide even heating of the substrate and
enable accurate and precise control over the substrate tem-
perature. In addition, the excimer lamps or other source of the
about 310 nm to about 120 nm radiation must provide uni-
form radiation of the substrate and enable the introduction of
suificient energy into the gaseous phase and at the surface of
the substrate to permit production of reactive species and
adsorption of reactants with corresponding desorption of epi-
taxial film growth byproducts necessary to produce a high
quality epitaxially-grown film at a commercially wviable
growth rate. As mentioned above, our current data indicates
that the power density requirement at the substrate surface for
epitaxial growth of a high quality silicon-containing film 1s 1n
the range of 1 mW/cm” to 25 mW/cm”. Typical silicon-con-
taining component gases used as a source of epitaxial film
growth species include: SiH,Cl,, or SiH,, or Si1,H,, or a
combination thereof; used in combination with GeH, or
Ge Hq when a silicon/germanium film 1s produced; and these
component gas sources of silicon and/or germanium typically
used 1n combination with HCI or Cl, or HBr, or a combination
thereol when a selective film deposition 1s required. The
typical power density used for these precursor materials
ranges from about 1 mW/cm” to about 25 mW/cm”. Prefer-
ably the power density ranges from about 2 mW/cm? to about
10 mW/cm?. With respect to FIG. 2A, the substrate 216 may
be rotated relative to the U.V. radiation sources 208 by rotat-
ing shaft 240, to rotate pedestal 215 on which substrate 216
rests. This provides radially symmetric radiation with respect
to the U.V. radiation source 208. Shatt 240 1s typically rotated
at a speed ranging from about 12 rpm to about 90 rpm.

In order to reduce the activation energy of a given thermal
process, non-thermal energy can be supplied by 10mns, elec-
trons or photons (with a wavelength of less than about 180 nm
when epitaxially grown, silicon-containing films are to be
produced). The important consideration 1s that, for most
atoms, 1onization occurs for photon energies greater than
about 10 eV. This means that photons with energy less than
about 10 eV can provide purely quantum effects (excited
states of the atoms, molecules, radicals etc. participating 1n
the chemical and/or physical process) and no adverse effects
will be observed. However, for enhancing the surface clean-
ing/passivation reaction where native oxide 1s removed and
dangling bonds are passivated with hydrogen prior to epi
growth, 1t 1s advisable to use additional energy and a total
energy of 10 eV or slightly higher may be advantageous.

The use of photons of low wavelength, 180 nm and lower
provides a surprising increase in the ability of the substrate
surface to absorb reactant species while desorbing reaction
byproducts generated by formation of a silicon-containing
epitaxially grown film. The principle underlying the opera-
tion of excimer lamps capable of producing such low wave-
length radiation relies on the radiative decomposition of exci-
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mer (excited dimer) states created by a dielectric barrier
discharge (silent discharge) in a rare gas such as Ar,*(A=126
nm, 9.84 ¢V), Kr,*(A=146 nm, 8.49 V), or Xe,* (A=172 nm,
7.21 e€V) or molecular rare gas halide complexes such as
ArF*(A=193 nm, 6.42 eV), KrCl* (A=222 nm, 5.58 V),
KrF*(A=248 nm 5.01 ¢V). The Ar,*, Kr,*, and Xe,* excimer
lamps provide intense radiation at 126 nm, 146 nm, and 172
nm, respectively and represent promising light sources for
photo-assisted epitaxial growth silicon-contaiming film depo-
sition. The high energy intensity will dissociate gas phase
components 1nto reactive species and enhance surface mobil-

ity, while increasing H,, S1Cl, and HCI desorption from the
substrate surface.

The higher order silanes and chlorosilanes may be used as
a source of silicon, including dichlorosilanes, hexachlorodisi-
lane, dibromosilane, and their derivatives, by way of example
and not by way of limitation, can be used as sources for
silicon. GeH,, Ge,H,, Ge(Cl,, and GeH,Cl, may be used as
germanium sources, by way of example and not by way of
limitation. These precursor sources of silicon and germanium
provide an acceptable growth rate when the substrate tem-
perature ranges from about 350° C. to about 550° C., and a
high growth rate when the substrate temperature 1s about 550°

C. to about 650° C.

By using 172 nm U.V. radiation to assist in the film growth
process, a growth rate enhancement of 35% and greater has
been achieved for the blanket film growth of a 26% Ge-
contaiming S1Ge {ilm at a substrate temperature of 550° C.
This will be discussed with reference to FIG. 4 subsequently
herein.

II. EXAMPLES

Example One

Prior to epitaxial growth of a silicon-containing film on a
substrate, 1t 1s necessary to remove native oxides on the sub-
strate surface which affect the surface lattice structure, and to
terminate dangling bonds with hydrogen, to provide a clean
passivated surface for subsequent growth of a silicon-con-
taining ep1 film. Often, the substrate 1s a si1licon water having
a native oxide on the wafer surface. The bulk of the native
oxide 1s removed using a wet chemical process, typically an
aqueous HF dip. Subsequent to this bulk removal of native
oxides, we used an in-situ cleaning/passivation process car-
ried out 1n the coating deposition chamber to remove residual
oxide and hydrocarbon and to passivate the substrate surface
prior to epitaxial growth of the silicon-containing film. Dur-
ing the 1n-situ cleaning/passivation method the substrate 1s
exposed to a hydrogen ambient 1n the processing volume with
simultaneous exposure to radiation at a wavelength of about
180 nm or lower. In the processing apparatus previously
described herein, the hydrogen tlow rate was 1n the range of
25 slm to 50 sIlm. The temperature at the substrate surface was
in the range of 500° C. to 650° C. for a time period ranging
from about 1 minute to about 5 minutes. The pressure in the
processing volume may range from about 0.1 Torr to about
100 Torr, typically the pressure 1s 1n the range of about 3 Torr
to about 30 Torr. The power density may range from about 2
mW/cm? to about 25 mW/cm?, and is typically in the range of
about 2 mW/cm” to about 10 mW/cm®. The spacing “d”
between the substrate surface and the radiation source typi-
cally ranges between about 5 cm and about 20 cm, preferably
between about 5 cm and about 10 cm. The treatment time for
the substrate typically ranges from about 1 minute to about 5
minutes.
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Example Two

FIG. 3 shows a graph 300 of the epitaxial growth rate of a
silicon/germanium film with and without the benefit of 172
nm radiation within the film deposition process volume, for
films deposited at temperatures ranging from 550 © C. to 750
° C. The substrate temperature in degrees C 1s shown on scale
302, while the growth rate in A/min is shown on scale 304.
Curve 308 is representative of the film growth rate without the
benelit ofthe 172 nm radiation. Curve 306 1s representative of
the film growth rate with the benefit of the 172 nm radiation.
When the 172 nm radiation was present, the power density at
the substrate surface was about 2 mW/cm?. The silicon-con-
taining component of the deposition process gas was S1H,Cl,
and the germanium-containing component was GeH,, the
ratio of silicon: germanium was in the range of about 1:20.
The spacing “d” between the upper surface 216 of substrate
214 and the radiation sources 208 (as shown 1n FIG. 2A) was
about 5 cm. The process volume 218 was about 7500 cc. The
total tlow rate of process gases 1nto process volume 218 was
about 30 slm. The flow rate of the tlow rate of SiH, .., was 100
sccm, and the flow rate of 1% by volume GeH, 1n hydrogen
was variable from 300 sccm to 500 sccm (providing 3 scecm to
S sccm ol GeH,). The pressure in the process volume 218 was
10. The power density applied was 2 mW/cm”.

Example Three

FIG. 4 shows a graph 400 of the enhancement of growth
rate of a silicon/germanium film due to the employment of the
1’72 nm radiation 1n the process volume during film forma-
tion. The growth rate 1s shown as a function of the substrate
temperature at which the film growth 1s carried out. The
process conditions were those described above with reference
to FIG. 3. The substrate temperature 1s shown in degrees C. on
scale 402, the increase 1n growth rate of the silicon/germa-
nium film 1s shown on scale 404, and Curve 406 shows the
relationship, which illustrates that the presence of the 172 nm
radiation 1n the process volume has an increasing beneficial
elfect at lower temperatures.

Example Four

FIG. 5 shows a graph 500 of the film growth rate for a
selective deposition of a silicon-germanium {ilm, with and
without the employment of U.V. 172 nm radiation in the
process volume, as a function of the flow ratio of HCl:GeH,
(at 1% by volume 1n hydrogen). When this flow ratio 1s below
about 0.1, the deposition becomes non-selective, blanket
S1Ge,_film growth. The substrate temperature was 650° C.;
the pressure 1n the process volume was 10; the power density
was 2 mW/cm?. The flow rate of the SiH,Cl1, was 100 sccm,
and the tlow rate of GeH_, 1in hydrogen ranged from about 300
sccm to about 500 sccm, providing a volumetric ratio of S1:Ge
in the process gas feed of about 100:3 to about 100:5. The
volumetric flow ratio of HCI:(DCS+GeH,, (at 1% 1n hydro-
gen) 1s shown on scale 502, while the film growth rate 1n
A/min is shown on scale 504. Curve 508 represents the rela-
tionship 1n the absence of any 172 nm radiation 1mnput. Curve
506 represents the relationship where 172 nm radiation 1s
applied at a power density of 2 mW/cm?. The deposition is
more selective as the ratio of HCIL:(DCS+GeH, ) increases.
The volumetric ratio of HCI or Cl, or HBr to the silicon-
containing precursor may range from about 0.053:1 to about

50:1, and 1s at least 0.05:1.
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FIG. 6 shows a graph 600 of the percentage of germanium
in the selectively deposited silicon-germanium films pro-
duced under the process conditions discussed with reference
to FIG. §, as a function of the tlow ratio of HCIl:GeH,, (at 1%
by volume 1n hydrogen), for films produced with and without 5
172 nm radiation 1n the process volume. When this flow ratio
1s below about 0.1, the deposition becomes non-selective,
blanket S1, Ge,_, film growth. The volumetric tlow ratio 1s
shown on scale 602, while the percent germanium in the
silicon/germanium film 1s shown on scale 604. Curve 608 1s 10
representative of the silicon/germanium films formed without
radiation input into the process volume. Curve 606 1s repre-
sentative of the silicon/germanium films formed when the
172 nm radiation was present at a power density of 2
mW/cm”. The germanium content of films deposited by the 15
method of the invention may range from about 1% to about
90%, and typically ranges from about 3% to about 40%.

Example Five
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FI1G. 7 shows a graph 700 of the percentage change 1n the
film thickness of a selectively deposited silicon-germanium
f1lm as a function of the temperature at which the film depo-
sition was carried out, and as a function of as a function of the
flow ratio of HC1:GeH, (at 1% by volume inhydrogen). When >3
this flow ratio 1s below about 0.1, the deposition becomes
non-selective, blanket S1, Ge, . film growth. The pressure in
the process volume was 10; the power density was 2
mW/cm”. The flow rate of the SiH,Cl,, was 100 sccm, and the
flow rate of 1% by volume GeH, in hydrogen ranged tfrom 3¢
about 300 sccm to about 500 sccm, providing a volumetric
rat1o of S1:Ge 1n the process gas feed of about 100:3 to about
100:5. The volumetric flow ratio of HCI:(DCS+GeH, (at 1%
in hydrogen) 1s shown on scale 702, while the percentage
increase 1n film thickness (an indication of film growth rate)1s 35
shown on scale 704. Curve 706 shows the relationships for a
700° C. substrate temperature during film deposition, while
Curve 710 shows the relationship for a 650° C. substrate
temperature during film deposition. It 1s readily apparent that
at lower temperatures, the use of the U.V. radiation during 40
film deposition has a much greater influence on the rate of
film growth.

FI1G. 8 shows a graph 800 of the film thickness of a blanket
deposited silicon-germanium film as a function of the power
density of the U.V. radiation applied during film deposition. 45
In the instances when U.V. radiation was applied, 1t was 172
nm radiation. The effect of the presence of the 172 nm radia-
tion 1s illustrated across the entire substrate surface, as mm
from center of the substrate (water). The distance from the
center of the substrate 1n mm 1s specified 1n scale 802, while 50
the silicon/germanium film thickness 1n Angstroms 1s speci-
fied 1n scale 804. Curve 806 represents the relationship when
no 172 nm radiation was present 1n the processing volume.
Curve 808 represents the relationship when the 172 nm radia-
tion was present at a power density of about 1.3 mW/cm” at 55
the substrate surface. Curve 810 represents the relationship
when the 172 nm radiation was present at a power density of
about 2.0 mW/cm?. The other process conditions were essen-
tially the same as those discussed with respect to FIG. 3, with
the substrate temperature during film deposition being 650° 5o
C.

The power density can be increased substantially above the
2.0 mW/cm* density, and a substantial corresponding,
increase in film growth rate 1s expected to occur. The conve-
nient upper limit on power density application 1s 1n the range 65
of about 25 mW/cm® when the apparatus is as described
previously herein.
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Example Six

FIG. 9 shows a graph of percentage increase in a blanket
deposited silicon-germanium film thickness as a function of
the precursor used for the silicon source and as a function of
the power applied in the form of 172 nm radiation. The
amount of power applied is shown in mW/cm? on scale 902,
while the percentage of increase 1n film thickness 1s shown on
scale 904. Curve 906 shows the percentage increase 1n {ilm
thickness, as compared with film deposition which 1s not U.V.
enhanced, for a S1H,-based process, where Curve 908 shows
the percentage increase 1n film thickness for a S1H,Cl,-based
process when UV radiation 1s used to enable an increased film
growth rate. It 1s readily apparent that the film growth rate 1s
faster when the chlorine containing silicon precursor compo-
nent 1s used. The substrate temperature was 650° C.; the
pressure 1n the process volume was 10; The flow rate of the
SiH Cl, was 100 scem, with a GeH, (1% 1n hydrogen) tlow
rate o1 300 sccm. The tlow rate of the S1H,, was 100 sccm, with
a GeH, (1% 1n hydrogen) flow rate of 300 sccm. These tlow
rates provided an germamium atomic concentration in the
S1:Ge film of about 17.5% when the silicon-containing pre-
cursor was DCS, and about 10% when the silicon-containing
precursor was SiH,.

The above described exemplary embodiments are not
intended to limit the scope of the present invention, as one
skilled 1n the art can, 1n view of the present disclosure expand
such embodiments to correspond with the subject matter of
the mvention claimed below.

We claim:

1. A method of epitaxially growing a silicon-containing
f1lm on a surface, which surface enables epitaxial growth of a
silicon-contaiming film having a desired structure, said film
growing method comprising the use of a lamp facing said
surface to provide radiation having a wavelength ranging
from about 310 nm to about 120 nm on said on which said
s1licon containing film 1s grown, 1n the processing volume 1n
which said film growing method 1s carried out, where the
power density of said radiation is at least 1 mW/cm?>, to 25
mW/cm?, and wherein said film-growing method is carried
out at a temperature ranging between about S00° C. and about
750° C., at a pressure ranging between about 1 Torr and about

30 lorr.

2. A method 1n accordance with claam 1, wherein said
film-growing method is carried out at a temperature ranging
between about 550° C. and about 700° C.

3. A method 1n accordance with claam 2, wherein said
film-growing method 1s carried out using radiation having a
wavelength ranging from about 180 nm to about 120 nm.

4. A method in accordance with claim 1, or claim 2, or
claim 3, wherein the growth rate of said silicon-containing
film is in excess of about 60 A/minute.

5. A method in accordance with claim 1 or claim 2 or claim
3, wherein said silicon-containing film 1s a silicon-germa-
nium film, and where the atomic percent of germanium 1n the
epitaxially grown film 1s constant within a range from 1% to
about 99%.

6. A method in accordance with claim 5, wherein said
silicon-contaiming film 1s a silicon-germanium film, and
where the atomic percent of germanium 1n the epitaxially
grown {1lm 1s constant within a range from 5% to about 40%.

7. A method 1n accordance with claam 6, wherein said
silicon-germanium {ilm 1s blanket deposited and wherein a
precursor providing silicon to said epitaxially grown film 1s
selected from the group consisting of silanes, chlorosilanes,
and combinations thereof.
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8. A method in accordance with claim 7, wherein said
precursor 1s selected from the group consisting of dichlorosi-
lane, dibromosilane, hexachlorodisilane, and combinations
thereof.

9. A method 1n accordance with claim 7, wherein a precur-
sor providing germanium to said epitaxially grown film 1s
selected from the group consisting of GeH,, Ge,H,, GeCl,,
GeH  Cl,, and combinations thereof.

10. A method 1n accordance with claim 8, wherein a pre-
cursor providing germanium to said epitaxially grown film 1s
selected from the group consisting of GeH,, Ge2H,, GeCl,,
GeH,Cl,, and combinations thereof.

11. A method 1n accordance with claim 5, wherein said
silicon-germanium film 1s selectively deposited and wherein
a precursor providing silicon to said selectively deposited
epitaxially grown film 1s selected from the group consisting of
silanes, chlorosilanes, bromosilanes, and combinations
thereol.

12. A method 1n accordance with claim 11, wherein said
precursor 1s selected from the group consisting of dichlorosi-

lane, dibromosilane, hexachlorodisilane, and derivatives
thereof.

13. A method 1in accordance with claim 11, wherein a

precursor providing germanium to said epitaxially grown
film 1s selected from the group consisting of GeH4, Ge2 H.,,
Ge Cl,, GeH,Cl,, and combinations thereof.

14. A method 1n accordance with claim 11, wherein HCl or
HBr or Cl,, or a combination thereot, 1s present during said
selective deposition of said silicon-germanium film at a volu-
metric ratio to said silicon-contaiming precursor of at least

0.05:1.

15. A method 1n accordance with claim 14, wherein HCl or
HBr or Cl,, or a combination thereof 1s present during said
selective deposition of said silicon-germanium film at a volu-
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metric ratio to said silicon-containing precursor within the
range of about 0.05:1 to about 50:1.

16. A method 1n accordance with claim 14, wherein said
precursor 1s selected from the group consisting of dichlorosi-
lane, hexachlorodisilane, and derivatives thereof.

17. A method 1n accordance with claim 11, wherein a
precursor providing germanium to said epitaxially grown

f1lm 1s selected from the group consisting of GeH,, Ge, H,,
Ge Cl,, GeH,Cl,, and combinations thereot.

18. A method 1n accordance with claim 16, wherein a
precursor providing germanium to said epitaxially grown
film 1s selected from the group consisting of GeH,, Ge, H,,
Ge Cl,, GeH,Cl,, and combinations thereof.

19. A method of epitaxially growing a silicon-germanium
film on a surface, where the surface enables epitaxial growth
of a silicon-germanium film having a desired structure, said
f1lm growing method comprising the use of a lamp facing said
surface to provide radiation having a wavelength ranging
from about 310 nm to about 120 nm on said surface on which
said silicon-germanium {ilm 1s grown, in the processing vol-
ume 1n which said film growing method 1s carried out where
the power density of said radiation ranges from about 1
mW/cm to about 25 mW/cm?, and wherein said film-growing,
method 1s carried out at a temperature ranging between about
500° C. and about 730° C., at a pressure ranging between
about 1 Torr and about 80 Torr.

20. A method 1n accordance with claim 19, wherein an
atomic percent of germanium 1n said epitaxially grown film 1s
constant within a range from 3% to about 40%.

21. A method 1n accordance with claim 20, wherein a
precursor providing germanium to said epitaxially grown
f1lm 1s selected from the group consisting of GeH,, Ge,H.,,
GeCl,, GeH,Cl,, and combinations thereof.
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